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1. GENERAL 

1.1 This section is intended to provide REA borrowers, consulting engineers, contractors and other 
interested parties with technical information for use in the design and construction of REA 
borrowers' telephone systems. It provides in particular, technical information for use when making 
Single Frequency Structural Return Loss measurements (SFSRL) and Echo Structural Return Loss 
Measurements (ESRL) on D-66, H-88 and D-66/H-88 loaded cable plant intended for trunk or subscriber 
loop applications. This section describes how to make the structural return loss measurements. 
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1,11 This section provides specific information on the following. 


1.111 The return loss theory underlying the measurements. 

1.112 HO,, to measure the structural return loss (SFSHL and ESBL) of uniform D-66 or H-83 loaded 
single gauge cables. 

1.113 How to measure the structural return loss (SFSHL and ESBL) of D-66 or H-88 mixed e au 8 e 
cables. 

1.114 How to measure the structural return loss of D-66/H-88 loaded cables using the D-66/H-88 
junction impedance compensator . 

1.115 Required test equipment for conducting the measurements. 

1.116 Component and wiring information for constructing test hybrids and D-66 and H-08 precision 
networks when the need arises. 

1.117 Illustrative results of cables measured in REA borrowers' systems. 


1,118 Data sheets for recording measurement data. 

1.2 The measurements described herein are not applicable to loaded trunk cables which 
of rural distribution wire, non-loadecl cable, open wire conduct. >rs or t JJantj 

entirely or predominantly of rural distribution wires. Issue No. 2 of this section replace., uet. 

445, Issue No. 1, in its entirety. 

1.3 The actual step-by-step measurement procedures for SFSRL and ESRL are discussed in paragraph 8. 


2. THE MID-SECTION IMPEDANCE OF A LOADED CABLE 

2.1 For every telephone line with uniformly distributed constants, there is a value of such 

that if the line is terminated in this impedance no reflections exist at that end. lhls imp. . • • 

is known as the characteristic impedance of the line. The characteristic impedance can 
as the input impedance of an infinitely 3.ong line without regard to the value of the tei minuting 
impedance at the receiving end. 

2.11 Regardless, however, of the definition used the important consideration is that if a ii n g ia 

terminated in its characteristic impedance the reflected energy is ze ro at every pint . j ^iheJjnc. 

2 2 In a loaded cable the amount of inductance added by the loading ccdl is large as compared to the 

inductance of the cable pair (about 80 times to one for D-66 and H-08 loading), oinco the 

impedance of any line increases as the inductance of such a line increases*, this tenth! to itiii,e t o 
characteristic impedance of the line. Therefore, the value of the characteristic impedance oi u loaded 
cable pair is generally higher than that of a non-loaded cable pair of the same gauge at. the .,mm. 
frequency, except at very low frequencies where the loading is not effective and the two impedances, 
are nearly equal. 

2.3 A loaded cable differs significantly from a non-loaded cable in this respect. The inductance 

of the non-loaded cable pair is uniformly distributed {the same value oi inductance lor each smal l, 
increment in cable length) whereas the loaded cable has its inductance lumped at discrete intervals (nt 
intervals of 4500 feet, for example, for D-loading). loading a cable produces two importun ., chnmc.tin i.fi 

3.31 The loaded cable now acts as a low pass filter with a cutoff frequency determined by: 


f c = ... -A — 

7r V LC~* 

where L is the sum of the loading coil and cable pair inductance per full loading section length 
henries, C is the cable pair mutual capacitance per full loading section length in farads and f u the 
toff frequency in cps. 

32 The value of the characteristic impedance of the loaded cable depends upon the point in the end - 
section at which it is measured ■ That is, the value of this Impedance is different at different 
ints along the end-section. The length of the end-section at the point of measurement is usually 
pressed as a percentage of the full load spacing for the particular loading system in question. For 
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example, If impedance measurements are made "between the 2250 foot ends of a D -66 loaded system, these 
measurements would represent the Impedance of the cable between 0.5 end-sections (ES) or better known as Mid - 
Section Impedance . For an H -88 loading system, the mid-section impedance would require only 3000 feet of 
end- section length. 

2.321 Fig. 1 shows the variation in the magnitude of the mid-section impedance of a 22 -gauge exchange 
vyjie cable D -66 and II -88 loaded in the frequency range of 200 to 4-700 cps, including the region 

of the cutoff frequency. From inspection of the H -88 curve, it will be seen that the characteristic impe- 
dance remains relatively flat at approximately 1000 ohms in a very narrow frequency range of TOO to 1300 

cps. At other frequencies large impedance changes occur with changes in frequency. The D -66 impedance 

curve displays less variation in the same frequency range. At 3000 cps, for example, its mid- section 
impedance rises only to 1270 ohms. To illustrate the effect which the length of the end-section has on 
loaded line impedance, Fig. 2 shows such a typical variation for a 24 and 22 gauge exchange type cable 
D -66 loaded as a function of both frequency and end-section length. At 3000 cps the characteristic impe- 
dance for the 22 -D -66 is 1270 -j 8 o ohms for the 0.5 end-section while at 0.8 it becomes 99*+- J5&3 obms ' 
Therefore when making structural return loss measurements, end-section lengths must be known, accurately 
since they can affect the results of the measurements in a major way. 

2.322 It should he borne in mind that REA TE & CM-431, "Voice Frequency loading for ( Trunk Cables," and 

REA TE & CM-424, "Design of Subscriber Loop Plant", require that plant be designed and built on 

the basis of 0.5 end-sections or 2250 feet for D -66 loading. Other applicable REA Telephone Engineering and 

Construction Manual sections dealing with attenuation and reflection losses of loaded cables have been 
prepared on the basis of 0.5 end-sections or mid-section impedances. 

2.4 Short Rules to Remember ; 

2.4-1 If a loaded cable is infinite in length (in practical terms, 15 db or longer one-way attenuation at 
1000 cps) what happens to its far-end terminal has no effect on the impedance seen at the near- 
end terminal. This means that the termination at the far end can vary, for example, from 100 million 
ohms to one ohm (actually from an open to a short ) and this does not change the value of the near-end 
Impedance . 

2.42 The mid-section impedance of a loaded cable which is infinite in length means the Impedance of a 
loaded cable when looking into it from an end-section which is one-half the length of a full 
loading section and whose far-end section is also one-half the length of a full section. 

3 . THE PRECISION BALANCING NETWORK 

3.1 The successful performance of negative resistance (E -6 type), negative impedance (E-23 type) and 
hybrid voice frequency repeaters depends not only on their design characteristics but also on the 

eleotrical characteristics of the plant facilities over which they are to operate. Fundamentally, good 
performance depends on the degree of match possible between the plant impedance and the repeater network 
impedance at all frequencies. Though in the case of hybrid- type repeaters operating on a two-wire basis 
transmission within the repeater amplifiers is unidirectional (two separate amplifiers required, one ill 
each direction of transmission) while in the negative resistance and impedance type it is bidirectional , 
both modes of operation depend on proper impedance match between their respective impedance networks and 
the plant Impedance. Essentially, the better the impedance match, the more repeater gain is possible. 

Devices which make this match possible are precision balancing networks more commonly known as balancing 
networks . 

3.2 Two-terminal networks whicb very closely simulate the impedance of the type of plant over which voice 
frequency repeaters ore intended to operate, over the entire frequency range of interest, are termed 

Precision Balancing Networks and abbreviated PBN. Precision balancing networks which simulate the Impedance 
of two types of loading systems (D -66 and 11-80) at all frequencies of interest are an integral part of the 
equipment required for making the structural return loss measurements described herein. 

3.21 Fig. 3 shows the configuration of the ^EA design for a precision balancing network which matches 
the mid-section impedance of 19 , 22 ana 24 gauge exchange type cable D -66 loaded (its impedance is 

shown in Fig. 1). The design shown in Fig. 3 can be conveniently made up if the parts, to the values 
shown, are locally available. The C-115DL precision balancing network made by the Oeco Company or the 
Communication Apparatus Corporation type 115DL or its equivalent may also be used. 

3.22 The W. E. Co. 115H or the Ceeco C-115H PBN's are used for 19 and 22 gauge cables H-88 loaded. For 
24-H-88 loaded cable the W. E. Co. type 115AL PBN must be used. 

3.3 Short Rules to Remember : 

3,31 A precision balancing network is a two-terminal device which simulates the impedance of an infinitely 
long loaded cable over the entire frequency range of the loading system. 
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3-32 A loaded cable which is finite in length (all applications encountered in common practice are 

included under this definition of finite) can be made to have its impedance look like the impedance 
of* a loaded cable which is infinite in length. This can be done by connecting a precision netwoi'k at the 
far-end terminals of the cable; the impedance seen at the near-end terminals 1 b now the infinite line impe- 
dance. In addition, if the end-section at the near-end is 0.5j the resulting impedance is termed the mid - 
section characteristic impedance or the mid-section infinite line impedance . 

4. UHAT IS STRUCTURAL RETURN LOSS (SRL) 

4.1 Fig. 1, which displays the mid-section infinite line impedance characteristics of 22-D-66 cable 
shows a uniform curve at all frequencies with no evidence of even minor impedance irregularities . 

Tills is as it should be, Blnce the assumptions on which the derivation of this curve have been based assume 
the loaded cable pair in question to have ideal characteristics, that is: 


a. The cable mutual capacitance for each 4500 feet loading section (6000 feet for the H-88) is precis cl 
the same. 


b. The loading coil inductance at each load is precisely the same. 

c. The physical distance between each two consecutive load coils is precisely 4500 feet (6000 feet for 
the H-89). 

4,2 In an actual loaded cable the above factors cannot be made ideal due to practical considerations 
relating to manufacture and construction. Some of these are: 


a. Variation of cable pair mutual capacitance mainly from pair to pair and from reel to reel. 

b. Variation of coil inductance from loading coil to loading coil, 

c. Practical staking, construction and maintenance problems do not permit placing loading coils at 
exact specified intervals. 


4.3 


To the extent that the cable pair mutual capacitance, the loading coil Inductance and load coll 
spacing all may depart from their assigued value and that the variables in question may occur in any 
random manner and relative degree, the smooth impedance characteristic of Fig. 1 has now been somewhat 
altered. These small impedance variations compared to the ideal impedance result in small inflection cur- 
rents which eventually reach the near-end or point of measurement. The overall value of these small reflec- 
i lB kn °J,? n a ? s J t , niGtliral return 1o sb and is usually expressed in db, The greater the reflection 
An id!l 3trUCtU ff\ retUrn 1 ? ss in db and the P° orer the circuit performance will be. 

tJrlfStnrn ev ^. eaa ] 1 ^regularities has zero reflected currents and therefore its struc- 

4 +S 1 Ignite. Structural return loss therefore is a figure of merit of the completed 
tL ^ re ?+ ^ C v Unlforrnity mid U reflects the quality of uniformity (or lack of It) 

of +hP paGitanGe ° f tbe GQble P roduct > the quality of uniformity (or lack of it) in the inductance 

nlaced Product and the care with which the plant has been stalled and loading coils accurately 

the f lire o 1 tT? 5 ; ^greater the care and better the methods used to build plant the higher 
b of merit of the plant will be and the higher the structural return loss. High values of struc- 
tural return loss mean plant with high performance capability. — 

4 ‘ 31 ! he n St f ct ^ al return 1088 of a load cd cable is an index of the departure of the 

however^fche^recifion e bf?S ? !“ raea3ureraent from the *$£& characteristic impedance. Since, 

; t -- precision b alancing networks discussed in this section precisely simulate the idmn 
jalla laipadanoe, the structural r e turn los, la take n as the balance Ltmen 

MgLlta correspond ing precision balancing network used for the test . * — - 

fWJL™ «*£ gg "^ a rsid the 

4-5 V 20 " 35 "“i lnalcate that tee lB B< * ^eqaenoy wbara 


la this value of CFSRL in IWm i mS ••emulation of , T"™ L ° M (CFSIiL > • » 

Trunks", and REA TE & CM-446, "Design of Two-Uire D-66 2 8 ?*f ve impedance Repeatered, Loaded 

K 01 iV0 Ulre • u ” bt) Loaded Neeative Resistance Repeatered Trunk Plant" 

20 shows the CFSRL value to be 35.2 


£*2 £ ?°T te repeater 1 BBlnB ’ F ° r «=*«PK>, raferenceto Fig 

an at the critical frequency of 2400 cps. 
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^* 51 ^ >orta ; t - te : , ^ ^S 3, 20-30 the critical frequency structural return loss Is also shown for a 

4 . f 2 q vJ ] y r£U1S ® between 300 to 3400 cps, indicated as "3400 cycle hand". With the D-66 loading system 
the cutoff frequency is well heyond 4500 cps and this means that a frequency band up to 3400 cps can be quite 
^® able ' pr ® sent voiae frequency repeater equipment and 500 type telephone sets transmit well up to 3400 
ops. Further, many new trunk carrier systems are now being engineered for a 300 to 3400 cps hand while others 
^being modified for improving their bandwidth characteristics. Therefore, when niing acceptance^ tLtTZ 
Ij-66 loaded .cable plant, not only the 3000 but the 3400 cycle band CTSIg, should he recorded ] — 2 — 


4.6 Single Frequency Structural Return Loss (SE5RL) 


4.61 As discussed in paragraph 4.31 above the essential factor when making structural return loss 

^ be cable palr at itfl far ' end > and at the test hybrid on its network side must 
each be terminated in precision net w orks which match the impedance of the cable over the entire fremiW^T 
gange of interest to be measur ed. Therefore, measurement under precision network terminations constitutes 
a structural return loss measurement. In addition, if the measurements are made with conventional single 
frequency oscillator and AC-VTVM equipment, using point-by-point techniques measuring each frequency sepa- 
rately, the measurements ore further termed single frequency or SF. Structural return loss measurements 
Using point -by-point methods are termed Single Frequency Structural Return Loss or SFSRL, Paragraph 4.5 
above refers to SFSRL type of measurements. 

4.62 Devices of the single frequency oscillator and AC-VTVM type are available which measure the entire 
frequency range of interest in a loaded cable by sweeping through the entire range. Such equipment 

■a known as Swept-band Oscilloscopes or Level Tracers and make possible substantial simplifications in 
testing. Their use is discussed in paragraph 7.2 below. 


4.63 


The step-by-step measurement procedures for making the SFSRL measurements are discussed in 
paragraph 0. 


4.7 Echo Structural Return Loss (ESRL) 

4.71 In addition to the point-by -point, single frequency procedures of paragraph 4.6 above other methods 
v available which measure the structural return loss by a single measurement only. This is accom- 
plished by a source of random noise which replaces the single frequency oscillator-and a noise measuring 
set, replacing the AC-VTVM. The energy from the noise generator is evenly distributed throughout the 
voice frequency range. That is, all frequencies are present at the same time and approximately in the 
same amount of power. Because the noise source generates a wide hand of frequencies, a network is provi d 
to shape Its output to match the frequency characteristics to normal message telephone channels. The bai.u. 
or frequencies used for this purpose range from 500 to 2500 cps. 


4 . (2 The 'echo" hand in a message telephone circuit is considered to occupy the frequency range between 
, . ^00 cps. It is thought to he representative of the frequencies which are important during 

calking conditions. Structural return loss measurements made with random noise equipment in this frequency 
conge are classed Echo Structural Return Loss Measurements and abbreviated ESRL. The generator used to 
supply the random noise is the W. E. Go. 201B Noise Generator using a 455B weighting network or the Northeast 
Electronics Company type ITS 56. The detector used to measure the returned noise power is the W. E. Co. 3A 
iolse Measuring Set using C-message weighting or the Northeast Electronics Company type TTS 37B or equivalent 

4.73 The step-by-Btep measurement procedures for malting the ESRL measurements are discussed in 
paragraph 8 . 


>. THE HYBRID AND THEORY OF OPERATION 

5.1 Throughout the above mentioned discussion of structural return loss the existence of a device capable 
of measuring this quantity has been tacitly assumed. This device is the hybrid coil or more generally 

mown as the hybrid. While the hybrid may he described in various ways, It accomplishes the basic function 
separating the two directions of transmission in an otherwise bidirectional transmission medium. That 
.e, it provides with other associated equipment, a means for the transmit and receive branches of a circuit 
rhich are fundamentally derived on a four-wire basis to be routed over the same two-wire bidirectional line 
rith emphasis on keeping the interaction to a minimum. It should be noted that resistors may also he used 
lb elements for performing a hybrid- type function. 

5.2 The hybrid Is an indispensable component of the telephone plant. Due to its inherent capability of 
providing dlrection-of- transmission separation it did in fact males the introduction of electronic 

mpllf ication in telephone plant possible and in this respect made long distance communication possible, 
tie uses of the hybrid are many and varied. Some of the more prominent hybrid applications are listed 
elow. 


AT&T Company's "Notes on Distance Dialing", 1961, Section 6. 
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5.21 111 the Telephone Set . To separate the "transmitter" from the "receiver" branch. 

5.22 On Two-Wire Operation of "V" Type Repeaters , To separate the f our - 1 arc transmission within the 
repeater from the two-wire line, where ti/o-i/ire-line transmission is involved. 

5.23 On Four- Wire Operation of "V" Type Repeaters . To combine the four-wire -line transmission to the 
user's two-wire telephone line. A liyhricl operating in this manner is o:..ton ltnown as a Four-hire 

Terminating Set . 

5.24 In Carrier or Multiple:: Radio Circuits . All carrier derived circuits whether transistorized or 
vacuum tube, trunk or subscriber; open ’.fire or cable; operate essentially on a four-wire basis. 

That is; each direction of transmission is electrically separated from the other direction. Hybrids are 
used for routing both directions of voice frequency over the same two-wire line, l'n this respect, it i6 
similar to the "V" type repeater described in paragraph 5*23 above. 

5.25 Terminal Balance for VHh Circuits . Intertoll trunks, designed according to present transmission 
practices operate at very low net losses. To make this possible without objectionable echo or sir* 

ing an extensive degree of balancing must be applied. Of the devices used for making this possible, the 
hybrid is an integral part. 

5.26 Measurement of Return Loss . This may include the return I030 of two dissimilar impedances, the 
degree of terminal balance of a toll center, the return loss characteristics of a subscriber loop 

or generally any measurement which seeks to establish the degree of balanca or match between the quantlti 
under consideration. 

5.3 Figure 5 shows several examples where hybrids ore required for the application intended, while 
Figure 6 shows some of the different types of hybrids in use. 

5.31 In examining the manner in which the hybrid accomplishes its intended function, the Wheatstone 

Bridge analogy offers a convenient means of explanation, For example, the four arms of the hridgi 
can he thought of as the four essential elements normally associated with the hybrid. These are: 


A. 

The 

"transmit" branch. 

B. 

The 

"receive" branch. 

C. 

The 

two -wire line branch. 

D. 

The 

network branch. 


Fig. 7 Bhows the Wheatstone Bridge equivalent of the hybrid oircult and all of Tbs associated 
components . 

5.32 In Fig. 7, when the arm Ri equals arm B2 and arm Bn equals Rw, there in no difforence of poten- 
tial across the galvanometer terminals (g) and therefore no current flows through it. The galva - 
nometer therefore is at a null or the bridge is balanced . If arm Hp still remains equal to aim Rg but n: 
arm is not equal to aim R,j then there is a difference of potential across the galvanometer terminals 
and a current flows through it. This is a current caused by the unbalance and its magnitude is detennin 
simply by the degree of mismatch between % and %. 

5.33 In Figs. 7B and C the basic Wheatstone Bridge circuit is applied to the operation of the hybrid 
coil. For this reason the battery has been replaced by an oscillator , the galvanometer by a dote 

tor or transmission measuring set and the resistors with impedances ■ When equals ‘/q and Zj W t equals! 
wire line there is no difference of potential across the detector terminals and therefore no current fls 
through it. The detector is therefore at a null or the bridge is balanced. When Tq still equals 7 q tut 
^net I s no longer equal to fg-vire line there is a difference of potential across the detector terminal 
and a current flows through it. This is a current caused by the unbalance and its magnitude depends on 
the degree of mismatch between Znet and 7-2 -wire line. If the degree of the impedance match, measured 
as mentioned above, is that of a loaded line and its respective precision balancing network, the 
measurement is basically structural return loss which this section shows how to make . 

5.4 Tiie above discussion too served to provide a general understanding of the hybrid operation. In til 
paragraphs below, a more thorough explanation is now given by reference to Fig. 8 which allows a 
coil type hybrid having connected to its appropriate terminals an oscillator, a detector, a network and i 
two-wire line which match the impedances for which the hybrid has been designed. The resulting hybrid 
action when changes take place in certain of the hybrid terminals is as follows : 

5*4l If the line contains no irregularities, the signal from the oscillator terminals causes equal cur. 
rent to flow in the Two-Wire Line and Ketwork and no current enters the Detector. That is, one* & 
half the power delivered by the Oscillator to the hybrid coil goes to the Two-Wire Bine and the other .1 
half to the network. Therefore there is a 3 dh (3.01 db to be more exact) loss between the Oscillator | 
and the Two-Wire Line. *£& 
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5 * 1 * 2 T f ^'fver, the line contains irregularities, part of the energy on the Two-Wire Line (which is 
J Piroauy 3 db down) re-e nters the hybrid. Again, one-half of this returned energy goes to the 
eteccor and the osher half to the oscillator. Therefore there is a 3 do loss between th e Two-Wire Line 

r ’ c] ' :Q total hybrid jrrnisniss ion loss between the Oscillator and Detector is 3-"3 db 

r o db. — — ■ — — ■■ ■ — ■ •• ■ - • = - 1 - 1 . 


5*^1 ® 1G ^ db transmission loss between th.e Oscillator and Detector above assumes an "ideal" coil 

hybrid; that is one which does not have iron or copper losses. With practical hybrids (that is. 
ade out of physical components ) these copper losses usually amounting to 0.25 to 0-5 db must be 
dded twice to the above 6 db thereby making the actual loss about 6.5 to 7.0 db (say 7.0 db). 


5,422 The transmission loss of 7«0 db through the hybrid, in the presence of line irregularities, must 
not lie confused with the structural return loss, though inherently the measurement of the 
true turpi return loss includes this 7.0 db automatically. Stated in another way , when making the 
t mctural return loss measurements, this 7.0 dh loss characteristic of the hybrid coil must he accounted 
'or~ ( subtracted X 


5.43 Xn Pig. 0, ii the hybrid terminals where the Two -Wire Line is connected are open-circuited ox- short- 
circuited the resulting transmission lose through the hybrid will be 6.5 to 7.0 db as above. This 
s because the power division within the hybrid coil as described in paragraph 5.41 still takes place but 
n addition there .Ls now a return loss between the impedance of the Network and the open or shorted terminals 
f die Two-Wire Line side of the hybrid which must be added. This return loss however is 0 dh so that the 
otal loss again la 6.5 to 7.0 db. Note : When making the actual measurements, described in paragraphs 7 
nd 3 the trans-hybrid loss is automatically accounted for at all frequencies of measurement during the 
allbration procedure. 


5.44 Another significant property of the coil hybrid indispensable in singing point work (for determining 
available gain of "V" type repeaters) but mentioned here only for completeness is that if the Network 
orminnlo of the coil hybrid are alternately opened or shorted while the Two- Wire Line hybrid terminals, are 
shorted or opened , the coll hybrid acts as though it were essentially a repeating coil. The only 
ransmlsnion loss Incurred is the normal insertion loss of the colls. 


. PRINCIPLE UNDERLYING TJIE MIAOURI'MENT OF STRUCTURAL RETURN LOSS 

6.1 Fig. 8 shown the connections of the test equipment and cable pair under test for the measurement of the 
\ eoM-e structural return loss. By reference to this figure the principle underlying the structural 
••turn loss measurements can now be summarized as follows: 


The coil hybrid acts a s an a.c. bridge. Xn this bridge : 

A 6()0 o lait o soi3.3.a tor and n 600 ohm do tcctor make up two of the arms of thir, bridge. Since their 
linpadancen are equal a nd at (ic )0 ohms , they do not directly enter into the measurement of the 
struc t ura l re turn los TT. 

The precision bala ncing network on one s i de of the hybrid and the cable pair under test terminated in 
a sim ilar p recision bala nci ng network on the other side make up the remaining" other two sides of the 

bridge . It in the variations in these two sides of the bridge vhich give rise to the structural 

return loss" ! 

N ow, precision balancing network (n ) precisely matches precision balan c ing network (B). If in 
ad dition, Who cable und e r tost pre cisel y matches precision balancing network^ (B)',' 'these two arms of the 
brld gc are perfectly balanced, there is no reflected energy, no current flows through the detector, the 
detector read' s zero and therefore the structural return loss is infinite . 

If the cable unde r test contains irrc/pilarities it 3 impedance does not match network (B) and the two 
armo of the bridge are unbalanced, energy in returned to the hybrid, current flows through the detector 
and a finite reading is obtained. This reading corresponds to the value of the structural return loss 
at the fre q uency of measuremen t . 

. REQUIRED TEST EQUUMBST 


7.1 The following type and number of measuring equipment is required for making the SFSRL measurements in 
D-66, H-80 and D-66/H-88 loaded cables: 

7.11 Two W.E, Co. 120P or Altec T/msing Co. 15189 repeating coils wired as per Figure 9 for making up coil 
test hybrid or Ceeco Co. type C- 3.03 A Test Hybrid or other equivalents. 

7-32 One, Hewlett Packard Co. type 204B, 200CD, 200J oscillator or equivalent. 

7.13 One, Hewlett Packard Co. 403B, A, 400D, H, L AC-VTVM or equivalent. 

I 
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7, Ik One, 600 ohm, + 1$, 1 .watt carbon resistor on double banana plug. 

7.15 Two precision networks for 19, 22 or 24 gauge D -66 loaded cables. REA design of Figure 3 or Ceeco 

Co. type C-115DL, or CAC Co. type 115DL. 

7.16 Two precision networks for 19 or 22 gauge H -88 cables, W. E. Co. type 115H, or Ceeco Co. type C-U5H 

or C-100 Test Set or equivalent. Two precision networks for 24 gauge H -88 loaded cables, W, E. Co. 

type 115AL. 

7.17 Two decade capacitor boxes, Ceeco Co. type C-100 Test Set or Heath Co. type DC-1 or Precise Co. 

Type 478. 

7.2 03cilloscopic equipment of the swept frequency type, also known as Level Tracers, can be used for making 
the SFSRL measurements which very substantially reduces the measurement time and effort . The Siemens- 

Halske Co. type Rel 3K 211b Level Tracer and the Hallamore Co. type TMS-0100 of Swept Band Set can be used. 

The Siemens-Halske type Rel 3K 211b Level Tracer can be used for both the It - 88 and iMj 6 loaded cables since 
its upper frequency limit is 6000 cps. The Siemens Level Tracer also contains a built-in hybrid, thereby 
eliminating the need for the external hybrid discussed in paragraph 7.11* 

7.3 The following type and number of measuring equipment is required for molting the ESR1 measurements in 
D- 66 , H -88 and D- 66 /H -88 loaded cables: 

7.31 Hybrid, precision network and capacitor building-out equipment as per paragraphs 7.11, 7.19 (and 7.16) 
and 7.17, respectively. 

7.32 One W. E, Co. 201B Noise Generator with 455® Network, or N. E. Electronics Co. TTS-56 or equivalent. 

7.33 One W. E. Co. 3A Noise Measuring Set or N. E, Electronics Co. TTS-37B or equivalent. 

8 . STEP-BY-STEP MEASUREMENT PROCEDURE 

8.01 The type of test equipment, equipment connections, calibration and measurement procedure for D- 66 , II-08 
and D- 66 /H -88 loaded cables are shown in Figs. 10-14 for the SFSRL measurements atul Figs. 19-19 for the 

ESRL measurements. The discussion in paragraphs 8.1 and 8.2 below apply directly to the SFSRL measuromentn. 
Paragraph 8.5 discusses ESRL considerations. 

8.1 Frequency Range Which Must Be Measured 

8.11 The band of frequencies which must be measured is from 200 cps to 4900 cps for D -66 and up to 3900 cpn 
for H -88 and D- 66 /H -88 compensated cables. The critical frequency structural return loss, abbreviated 
CFSRL, is the lowest value of structural return loss between 300 and 3000 cpn. It in thin value which in used 
in carrying out the repeater circuit design when computing available repeater gain and the resul ting net Iona, 

8.2 Sending Level and Calibration for SF Measurements 

8.21 Because the test equipment setup is calibrated to produce 0 dbm (zero dbm) on the detector when the 
hybrid "Line" terminals are short-circuited, the direct reading of the AC-VTVM in minus dbm In the 

actual value of structural return loss in db when making the measurement and no other correction to the meter 
reading is needed. This is illustrated in Figs, 10-l4. 

8.22 The above calibration procedure for setting the oscillator output level to produce 0 dbm on the AC-VTVM 
when the hybrid "Line" terminals are shorted is but one method for calibrating out the krunnhybrld loao. 

That is, the power division loss which is inherent in every coil type hybrid and in 3 db in each direction 
plus core losses of 0.3 to 0.5 db or approximately 7.0 db total. This transhybrid Ions mint not bo charged to 
the measurement and for this reason it is calibrated out. 


8.23 The same result can be obtained by calibrating out from the measurement the 7 db transhybrid loss by 
using an alternate method. This is to connect the 600 ohm oscillator directly into an external 600 
ohm resistor and set the oscillator output level to read +7 dbm on the AC-VTVM across the external. 600 ohm 
resistor. Either calibration method will give the some results. When using this method the SRL in db is 
again the direct reading of the AC-VTVM in minus dbm. For example, with the cable connected if the reading 
of the AC-VTVM is -29 dbm, at a given frequency, the SRL value is 29 db at the same frequency. 


8.24 There can be many calibration levels which can be used which will give the some overall results. The 
reason that the method of paragraph 8.22 or 8.23 is used is because they are simple and allow . the 

W ° co ?7 ect J;° ns ara necessary and this saves time, Sometimes it also eliminates simple 
mistakes such as adding or subtracting. But if for some reason other calibration levels are necessary, good 

I 1 * * * ™*' l V g Ct - ly ^ tC V.S e exfcernal 600 ohm load and set the oscillator output level for the AC-VTVM which 

level control a unchnn^ f n 6 ? resistor to read 0 dbm (zero dbm). Now when the oscillator (with its output 

no he and the SRL measurement 1 b made, the readings in the 

A VTVM will no longer be direct. Because the 7 db (approximately) tranehybrid loss has not been accounted 
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for in the calibration the readings on the AC-VTVM will be lower (SRL will look better by 7 db) so that 7 
db must be subtracted from the SRL reading. Assume, for example, when using this calibration method the 
AC-VTVM reads -32 dbm when the measurement is made. This means that the SRL reading is 32 db but the correct 
value of SRL is 32 -7dbm or 25 db, Assume that the calibration level for the same example has been -10 dbrn 
for a valid reason. When the SRL measurement is made this means that 10+7 or 17 db must be subtracted 
from the meter reading to obtain the correct SRL value! 


8.25 Some of the more important reasons for calibrating at levels lower than that of paragraph 8.11 may 
be to avoid possibility of inducing interference into other working pairs or the test equipment 
may not be capable of delivering the +7 dbm required for the direct (no correction) measurement. The type 
of equipment shown herein dj; capable of an output level of +7 dbm into an external 600 ohm resistor so 
that this will not be a problem. 

In summary, any calibration method can be used and will give good results if one is careful 
to make the appropriate corrections in the meter readings. The methods of paragraphs 8.22 
and (T.23 are direct and do not require corrections; whatever the meter reads, that is the 
answer also. The calibration methods of paragraphs 8.21 and 8,23 are used in Figs, 10-l5 
and all SFSRL examples herein . 

8.3 Sending Level and Calibration for Echo Measurements 


8.31 The discussion in the above paragraphs for SFSRL measurements apply equally well to the ESRL 

measurements with regard to the 7 db transhybrid loss and calibrating levels. The detector equip- 
ment, however, used in the ESRL measurements is calibrated in different units; namely dbrn-C. For this 
reason some modification of the terminology is necessary and a brief explanation of this is given below: 


8.32 The 3A MNJS will read 0 dbrn-C in "%-600 ohm", "Flat" or "C-Message Wt." position when a test tone 
of -90 dbm at 1000 cps is applied to its input terminals and 90 dbrn-C with a 0 dbm, 1000 cps test 
tone. Single frequency test power inputs at frequencies other than 1000 cps are properly weighted by the 
3A NMS when in the "C-Message Wt." position, according to frequency. When the 201B Noise Generator is 
set for an output of 0 dbm pov/er the corresponding reading on the 3A NMS C-Message Wt., is approximately 
90 dbrn-C when the two are directly connected. If the noise generator, set for the same output power, is 
now connected through the hybrid for the ESRL measurement (PBN connected on one 2-wire side of the hybrid 
with the other side open or shirted) the new reading on the 3A will be approximately 83 dbrn-c. The 7 db 
reduction in power is the transhybrid loss due to the coil hybrid. To account for the 7 db transhybrid 
loss the Noise Generator output is set for +7 dbm (97 dbrn-C directly into the noise generator) which is 
approximately 90 dbrn-C when connected with the test hybrid in the calibrate position. In the measuring 
position, when the cable pair under test is connected to the hybrid terminals the reading on the 3A NMS 
becomes lower. The difference between the 90 dbrn-C in the "calibrate" position and the new dbrn-C 
reading in the "measure" position is the ESRL value in dtu 


8.4 Correct Settings for Precision Balancing Networks 

8,4.1 A discussion is given of the components in a precision balancing network (abbreviated PBN) used in 
the measurement because if improperly connected or used it can lead to SRL measurements which are 
not correct. The PBN used in the measurement consists of three parts: 


a. The basic network 


b. Components for making the end-section variable for H-88 loading only. 


c, Components for changing the gauge from 19 to 22 or 24. 


8.42 The basic network in (a) consists of capacitors, inductors and resistors to 
with 2250 feet end section (0.5 or mid-section impedance) but only 900 feet 
loading. These components are permanently connected and not externally accessible 


simulate D-66 loading 
end section for H-88 
for changing. 


IMPORTANT NOTE: THE REASON THAT THE D-66 BASIC NETWORK IS A FIXED 2250 FEET IS BECAUSE D-66 LOADED 

TRUNK CABLES ARE ENGINEERED TO HAVE 2250 FOOT END SECTIONS (0. 5 END SECTIONS) . 

EXISTING H-08 CABLES ON THE OTHER HAND, ARE FOUND WITH MANY END SECTION LENGTHS 
AND THE BASIC NETWORK IS THEREFORE MADE VARIABLE TO ACCOMMODATE THIS. 


8.43 As pointed out in paragraph 8.42 above, for D-66 loaded cables the basic end section of the 

precision network is 2250 feet without any additi onal bu ilding -out capacitor . For H-88 lading, a 
variable capacitor (CBO) is provided with the basic network for building-out to the particular length of 
S ? Z .SIS Of the cabled Th^ca pacU.ance of both this CBO 

the basic network eq uivalent capacitance determines the total end - section value of the PBN. For example, 
to set a D?1I PB N to have a total end section of 0 T5 (22g0 feet) the' amount of CBO required is: 


2250' -2250' = 0 feet, additional 
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To set an 11-88 PBN to have a total end section of 0.5 (3000 feet) the amount of CEO required is: 

3000' -900' = 2100 feet, additional 

This 2100 feet is strapped in building-out capacitor CB01 shown in Figs. 13-l4 and 18-19 for 11-80 loading, 

8.44 Resistors and capacitors are also included in the PBN for the correct cable gauge, in D-uO loaded cubit 
the same PBN is used for 19, 22 and 24 gauge exchange type cables. For H-80 loading the name PBN can 

only be used with 19 and 22 gauge exchange type cables. For 24 gauge, 11-88 loaded, a separate network must ba 
used (W, E. Co. 115AL). For D-66 PBN's the gauge is readily set by a simple strap or by a switch which selects 
the desired gauge. For H-88 PBN's this is not possible. The gauge terminals uro numbered and Die numbers are 
different for the various manufacturers. For this reason, for H-88 loading, consult the instructions of the 
manufacturer for the particular PBN used in the measurement. 

8.45 The terminals of the PBN which connect to the "NET' side of the hybrid are normally numbered 1 and 2 
for the particular type of units shown herein. The CEO where used is also strapped across the some 

terminals 1 and 2. (Consult the instructions of the manufacturer if other type of PEN in used for the actual 
terminal numbering - they can be different. ) 

8.46 As discussed in paragraph 8,4 above, because D-66 loaded trunk plant is engineered and built for 2250 
feet end sections the structural return loss measurement is made with D-66 PBN's having 2250 feet end 

sections. The Ceeco (Communication Equipment and Engineering Company) type C-llJDL PBN and the CAC (Communi- 
cations Apparatus Corporation) type 115DL PBN are networks with such built-in 2250 foot end flections. For 
this reason the additional building-out capacitor shown as CB01 in FIgs. 13-14 and 3.8-19 for H-88 .loading is 
not required with D-66 loading. In Figs. 10-12 and 15-17 for D-66 loading no CB0.1, capacitor is shown In 
the PBN . — — 

8.47 For H-88 loading or for measuring at the 11-80 end of a D-66/H-30 loaded cable the basic PEN end section 
is 900 feet. Tills wuc discussed in paragraph 3.42 and in the example given in paragraph 3.43. For 

making measurements therefore on 11-88 cables having 0.5 end sections (3000 feet) additional, capacitance is 
required in the basic H-88 PEN. This is the function of capacitor CB01 shown in Figs, 13~l4 and 1.0-19 . The 
value of this capacitor is set as follows: 

Basic PBN Capacitance » 900 feot 
Total Require d Capacitance » 3000 feet 
Difference a 2100 feet 

therefore, before proceeding with the measurement, capacitor CB01 is net for 23.00 foot because ttoii. represents 1 
capacitance value of 0,033 microfarads based on 0.083 microfarad per mile cable. 

8.48 Having connected the PBN's 1 and 2 for 0.5 end sections, as discussed above, the flHIi measurement is 
made and the results entered in the "Data Sheets". 

8.5 Maximizing the Structural Return Loss 

8.51 The structural return loss measurement made with the PENS' set for 0,5 ond sections as described above 
does not normally yield the beat structural return loss which the loaded cable is capable of. Though 
the measured value may be sufficiently high the actual value itself may be oven better than this. In other 
cases the results of the measurement may be indicative of an apparent poor return loos in the outside plant, 
the reasons for this are as follows: 


a ’ t4lfl Cable ^ n0t exactljr 0, 5 * n d section in physical length but somewhat longer or shorter than 


b. 


The mutual capacitance at the end section of the 
than 0.033 microfarads per mile. 


pair under test may bo somewhat larger or smaller 


For existing plant both the pair capacitance at the end section and Its physical length can vary 
in°use Ua ' ldard ValUeS and further the values themselves may bo different than present objectives 


d. Shortening or lengthening of the end section due to relocations, highway crossings, etc. 

e. Minor amounts of moisture or other contamination in the cable end section. 


5 value of iZ f f! ? Rvalues possible, "maximization" is used. That is, that 

rom the^Stside £2 It lfl , a ? f Gives the best performance, so to speak, possible 

apacitor shown as C2 in Fi™ S GtbestructureJ. return loss is accomplished by means of an external variable 

Tto (e) abwe iicJ JSd tenJ adveroe faotor3 no those discussed in paragraph 8.» 

rLllurl ^for IccoSshiTtif ^ °l ^^^ural return loss, are eliminated. The actual 

tuttuure 1 or accompli suing this 1 b discussed in paragraphs 8.521 to 8.524, 
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8.521 An additional variable capacitor ( shown as capacitor C2 in Pigs. 10-19) should he connected across the 
"Line" terminals of the hybrid, that is, directly across the 'cable pair. Vary this capacitor. If 
this improves the SFSRL or ESKL (particularly in the 2500 to 3000 band for SFSRL measurements as discussed in 
unragraph 8.524 below), this means that the end-section at the hybrid location is electrically shorter than 0.5 
though in physical lengths at 0.5* Capacitor C2 should be varied until the optimum value of SRL is obtained 
and the data recorded in the Data Sheets. Use this value of SRL instead of that obtained in paragraph 8,48 
above using the 0.5 end sections. 


8.522 If the variable capacitor across the cable pair as discussed in paragraph 8.521 above results in 
poorer values - of SRL for either SFSRL or BSRL measurements (again, particularly in the 2500-3000 
cpb band for the SFSRL measurements) than the values of paragraph 8.48 above this means that the end-section 
at the hybrid location is electrically longer than 0.5 though in physical length at 0.5. Remove this 
capacitor from the "cable" side of the liybrld and connect it to the "net" side of the hybrid, that is 
directly across PBN No. 1 terminals 1 and 2. Tills is shown as capacitor Cl in Figs. 10-19- Vary this 
capacitor (connected across the "net" hybrid terminals) until the optimum value of SRL is obtained and 
record this value of SRL in the "Data Sheets". Use this value of SRL instead of that obtained in 
paragraph 8.48 above. 


8,523 Finally, if this building-out capacitor connected on the "Line" terminals of the hybrid (across 

cable) or across the "Net" hybrid terminals' (across PEN No. l) lowers the value of SRL as obtained 
in paragraph 0.48 above this means that the end-section adjacent to the hybrid is not only 0.5 in length, 
hut also 0.5 electrically (which is really the important consideration) and the SRL values measured in 
paragraph 8.48 ore the optimum values. 


8.524 Hie above procedure for adjusting the end-sections result in obtaining the "best possible"^ or 

optimum value of SRL. When malting the actual SFSRL measurements, the decision as to "when the 
"best possible" or optimum SRL has been obtained will not be one-hundred percent clear cut and some adjustment 

will be required. Tills is because each time the value or position (with respect of the hybrid) of the build- 

ing out capacitor is changed the entire waveshape of the SRL will also change. At some frequencies where the 
SRL was better, it may now become worse while at other frequencies the reverse will occur. However, at some 
important range of frequencies the SRL will improve and this is what the CB0 procedure is intended to accom- 
plish. In SFSRL measurements this frequency band of Interest is the 2500 to 3000 cps range because in a 3 
Wb band, this range would offer the greatest possibility for repeater singing problems. On the other hand, 
i.ihen thin Tvrocedurc the CB0 must not degrade unduly the remaining frequency band from 300 to 2;00 cps. 

For exSle, this lower band should remain SFVsRL level higher than the 2500 to 3000 cps hand. Again 
•Judgment will he required on this. Experience in making these measurements trill make the selection of th 
4 optimum condition relatively easy. The above comments are not applicable to the 

a given amount and location of CB0 will either improve or degrade the return loss. The CB0 resulting in the 

best 133 RL should, of course, bo recorded. 


8.6 Location Which is Controlling on the Measurement 


8.61 ffl» effect of the for-ena FBN (or No. 2 KBN) normally is not ac eon^Uing on the valuee of the SRI 
which are measured at the sending-end. Tills is because the attenuation tends to mask small irr gu 
larities at the far end as a result of PBN No. 2 not precisely matching the cable end- section at that end and 

by the time this small irregularity arrives at the sending-end its value Id high so that it does chang Q 

the value of SRL in any significant way. The above holds only when the circuit attenuation ^ ^^antial, 8 

to 10 db or higher. If the circuit attenuation, however, is 5 to 8 db or l°wer the fas r-en< ft wilJ L 

sending-end SRL. For this reason, the CB0 at the PBN No. 2 location (shown as CB02 in the H- 88 ®xamples and 
03 in the B-66 examples) must be varied also until the optimum SRL is obtained at the sending-end. Regardless 
0? L otault S! ft is advisable at the end of the measurement steps 

to 8,5 above to vary the C3 (or CE02 for 11-08 loading) at the far-end until the optimum Bm tas been t 0 *tainea 
at the sending-end This optimum SRL is the SRL values which should be record 1 n ^. of 
obvious, of course, that if the measurement location is reversed, thjfttr-enft section FB ^^ch ^ not f 
extreme importance before will now be the controlling factor. The above considerations are applicable equally 

to BFSRL and E3RL measurements. 


8.7 Treatment of Mixed Cable Gauges 

8.71 Cables which are uniform in gauge, that is, all 22-gauge D-66 or all 19-gauge H-88, etc., for the 

entire circuit length will be much easier to measure for SRL than cables of mixed gauges. The measur - 
ment of mixed gauges la discussed in paragraph 8.72 below. For uniform gauge cables the only adjustment which 
may he required during the measurement will be in the capacitance of the end-section adjacent to the hybrid 
location resulting in the "optimum" value of SRL for the particular cable under test. The procedure for 
accomplishing this is discussed below. 


8.72 


Due to the measuring complexity which mixed gauges present, it is recommended that when the measurement 
is made the PBN gauge settings be changed alternately from one gauge to the next starting with the 
sending-end PBN and then with the far-end PBN until the combination in gauges is found which yields the 
optimum SRL which is possible for the particular layout. This procedure applies equally to SFSRL and ESRL 

measurements . 
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8.8 Use of Level Tracer Equipment 

8.81 Where the cable to be measured consists of only one uniform gauge and where the end-.'; .jet; ion;; are close 
to 0.5 in length it will be found that the measurement become;; relatively simple using the single fre- 
quency techniques and the test equipment shown in Figs. 10-14 herein. Where the end-section;.; are Longer or 
shorter than 0.5 and/or where mixed gauges are involved the measurement complexity and Mr- time reipi l.red in- 
creases. This is because especially with SFSRL or point-by-point. measurement; technique;; each time 1, change 
is made, for example, in end-section CBO, PBN gauge, etc., the entire frequency bend must, hi; plotted, mid the 
comparison made to see if this change has improved the SRL, Thus, for URL measurements the major d t sad vantage 
becomes one of time, but the results of point-by-point measurements are nevertheless valid. 

8.82 The above type of SFSRL measurements become relatively simple if swept-band type oso 1.1 .l.oscopes are 
available for use. These devices allow the entire hand to be observed at a glance . The resu 1 1, of any- 
one adjustment or adjustments during the measurement procedure can he immediately seen and analysed. Thus 
the conditions which’ give optimum SRL can now be accurately pinpointed. Because such swept-bmid dev lei.;: * 
greatly facilitate measurements they should be used whenever they are available. The fiicMons-IIiil ske iid. -jk 
211b Level Tracer of the Lear/Siegler Swept-Band Oscilloscopes can be used with good resu Its. Typical, 
measurement examples when using the Siemens-Halske Level. Tracer are shown in Figure 35. 

3 . 9 Other Important Consid e rations 

8.91 The; structural return loss measurements must he made at the location where the repeater equipment will 
normally be located and operated. For example, in a toll connecting tvnuk application whore the 
terminal repeater will he located at the Clnos-5 office, the structural return loss uieasm’omeu I; muni; be made 
from that office. That is the test liybrid must be located at the office whore the repeater will he located, 
’./here repeaters will he located at each of two terminal offices measurements inuni 1)0 made from each office 
for the name cable. In intermediate repeater applications the measurement;; nnw.it bn made from l;ho repeater 
location but looking in each cable direction. 

8. 911 It is advisable that measurements on the some cable be made in each direction. Thin helps detect 

irregularities .which may still be present but which tne measurement from one oml only may not reveal. 
Tills comes about from the intervening circuit attenuation. If the attenuation is appreciable, say 18 ill) at 
2800 cps , the round-trip circuit attenuation will be at leant db, even though the fur- sir cult end may be 
open or shorted, and this will also be the minimum value of URL at the measuring end. In other words, if an 
irregularity exists which is fax from the point of measurement the intervening attenuation will mask 1 1 and 
reflect It as a fairly good value of SRL at the measuring point. To assure against tills occurring If the 
measurement io now made from the opposite end, the value of URL will be much lower (los/i masking attenuation) 
and thus much easier to detect. 

0.92 Prior to making measurements on D-66/II-09 loaded cables joined by the D-66/JI-09 junction Impedance 
compensator (For the configuration of the junction compensator refer to RKA 'i'K A CM-liRl, l']g. I.) 
assure by checking that the compensation is properly designed and correctly inserted into the cables. That 
is, that the proper value of bullding-out capacitors for the D-66 and 31-88 sides have boon provided and that 
the D -66 terminals of the compensator are connected to the D -66 loaded cable and the Ji-88 compeiiimto. eniil.- 
nals to the 31-89 cable. Also inspect tlie connections to determine that no pairs have been split. Thi.-ne 
checks are in addition to the CBO and gauge considerations discussed in the above paragraphs . 

9. EXPECTED MEASURED PERTOHLANCE 


9-1 Field measurement data have substantiated the structural, return losn performance on which the J.Wilj 

design lias been predicated. Where more tlian routine care hnri been taken to design, stake and build the 
plant this is also reflected in SRL'c exceeding the minimum expected valuer., '..here the cable is of <m« nj.ugl< 
uniform gauge this also results in higher values of URL. lastly, where the cable consists of one gaugi-t and 
one size (for example, 25 pair, 22 gauge for tlio entire circuit length) this produces tin; highest value of 
URL possible. This is because in plastic color coded cablet) like numbered pairs of like gauge und like nine 
cend to have tlie least amount of mutual capacitance deviation from one roe], to another (for the name manufac- 
turer). For this reason with color-to-color splicing of the some numbered pairs in the name hinder ground 

vSuesTs^ Unif °™ Capa ° itanCe betTOen ench loaai «C section which in turn results in hlgl„..r |.| m „ normal 


9.2 For cables which are uniform gauge D-66 loaded for their entire length and which meet the load npaein/r 
. - de 7 iations o£ action ] ;31j Voice Frequency Loading For Trank Cables ", paragraphs 3 Jk mid •}.'> mid l, lie 
^ "f 1 ca ^citance deviation requirements in tlie im PE Gable specifications, a minimum value of' 2?‘5 db 
uDoRL at the critical frequency (CFURL) and 32 db JfJRI. minimum are expected. 

9 ' 3 f? uulfonn /auae D-66 loaded for their entire lone Hi and where the load spacing in 

and V T re ^ m ! nt3 0f S f cUon h31 > Paragraphs 3 A or 3.Ji and/or where a single gauge 

vSue^andls di 3 QG 05 35 db CFSRL can be Q ^ qA ™ valuw («•»• 


- 12 - 



RBA TE & CM- 445 


9.4 D-66 loaded cables measuring 22 db or less for CFSRL contain significant irregularities and require 
corrective action, Though for a particular application a value of 22 db CFSRL may be adequate, the 

>utside plant facilities nevertheless do not meet the standards to which they have been engineered. 

9.5 Illustrative oases shown in Figs. 20-30 indicate values of SFSRL on D -66 loaded cables which have been 
measured in REA borrowers ' systems and which are considered typical. These examples are Illustrative 

>f the performance which can be expected upon measurement for the various conditions discussed in 
paragraphs 9*1 to 9- 3 above. 

„0. BATA SHEETS FOR RECORDING MEASURIS-IENTS 

10.1 The forms used to record, the SFSfiL and E3RL measurements and the other information which is required 
are shown in "Data Sheet - Structural Return Loss Measurements" 

10.2 Mien making the measurements, it i3 essential that the outside plant facility configuration he 
accurately known, including the manner by ’which the measurements have been carried out and any adjust- 
ments which have been found necessary . This information is necessary in order to analyze the results and 
letermlne whether the objectiveo are being met or whether corrective action is required. Besides serving as 
i record for initial acceptance measurements, it also provides the plant forces with a powerful tool for per- 
forming routine testing on hlieoe circuits or for correcting problems should they occur. It is extremely 
lifficult to evaluate results of transmission measurements, to make recommendations for correction of 
transmission problems or to perform routine testing when plant and/or test records are lacking or incomplete. 

11. ANALYSIS OF RESULTS IN FIGURES 20-35 


11.1 (Fig. 20) The worst value of single frequency structural return loss (CFSRL) for this layout is 35-2 
db at approximately £i3fX> ops in the 300-3000 cps band, thereafter called "3000 cycle band" and the 

echo structural return loss (KMRL) Is; 4l.O db. The reason for this good performance is due to (a) the load 
spacing deviation of the ms~lmi.lt plant being 0.3 percent (b) the cable mutual capacitance measured between 
loading points being very nearly 0.083 microfarads per mile and (c) uniform gauge. Factors (a) and (b) 
above are the more important one:;. Because the consulting engineer for this project was aware of the 
importance of good loading and implemented this through his resident engineer on the job by exercising extra 
a are in locating the loading point:; v ery accurately , the SRI. is as good as it can be obtained. Thus, it pays 
to do a better than routin e Job whenev er ti ll.: , is possible . There is one other important observation in the 
3RL in this layout. This 1:; that the CFSRL i.11 a 3400 cp3 band is also very good at 33-5 db. This comes 
ijbout, again, from the goad npnelug but also because the capacitance of this pair is ‘uniformly O.OO3 mf. 

* ienever the pair mutual cup: uxlt .i mce is uniformly .0B3 microfarads per mile for the entire cable route of 

ery high SRL valu es sh oul d in; expected not only in the 3000 cycle band but even up to 4000 cps . For 
example, at 4 000 cps the URL of this pair is 31.3 db and this is quite good. 

11.02 (Fig. 21) This is a different pair in the same cable and trunk group as the pair shown in Fig, 20. 

The 3000 cycle band OFURL In 30.3 db and the E3RL 35*5 db. The SRL for this pair also reflects the 

care given for obtaining good load spacing. The reason that this pair lias a 5 db (approximately) lower 
CFSRL compared with the pair la F;lg. 20 in because the mutual capacitance in this pair is slightly differ - :tit 
than O.O83 microfarads per mile . Therefore it has a lesser value of CFSRL. However, this is entirely normal. 
In a group of pairs (in the nm.10 cable sheath and the name trunk group) having unusually high values of SUL 
the differences in the value « between the different pairs will normally he large. Tills is because the SRL is 
already do high that even vary (small deviations become important. It should also he noted that the SRL for 
this pair stays very good oven up to 4 000 cps. 

11.03 (Fig. 22) The ERL for this pair its very good up to about 2600 cps but it becomes rapidly worse at 
frequencies higher tlum this. Tills is despite the good load spacing in this cable route. The 

:rennon for this is that the cable pair in question was measured and found to have a capacitance of approxi- 
mately 0.08’[ microfarads per mile (instead of the desired O.O83 value) but this capacitance was uniform for 
the entire cable route. Thlo makes the return loss at the higher frequencies to be not as good as the lower 
(frequency values. It can a3.no he noted that the E3RL remains very high at 4o« 5 db. This is because the echo 
band as diccunsed in paragraph 4.72 above is between 500 to 2500 cycles and in this frequency region the SRI, 
is very good despite the higher than normal capacitance of this cable pair. The CFSRL is 30.2 db up to 3000 
cps. This meets the objective- and in actually better than the objective. Tims, with tnc P-66 loading system , 
if the load spacing is good, - : vc;n pni r;; with higher mutual capacitance than that desired can still give good 
values of structural retur n io: ;:; li i a 1000 cps hand if the cable capacitance remains uniformly high for the 
entire cable route . 

11.04 (Fig. 23) In this figure the ERL of the same pair shown in Fig. 22 is shown but measured from the 
opposite office. It. is now seen by comparing Figs. 22 and 23 that the SRL values are not the same. 

They should not be expected bo he the same. The irregularities in a loaded cable will normally be different 
;rhen viewed from the opposite; circuit ends. The values of their CFSRL, however, should he comparable . In the 
3000 cycle hand the dJ.fforoi.---c: is J.2 db (33-4 -30.2 db) and this is considered normal. This figure also 
shows the effect of build-in.- out capacitance . For example, by placing the 0.009 microfarad capacitor to build 
out the 3912 foot section, v.-.o; URL la impro ved considerably above 2200 cps. This improvement is 6 db at 2500 
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ops and 2.3 db at 3000 cps. Therefore, if capacitance building out is not used where needed the result!’?# 
SRL will be lower than that which can be realized, 

11 05 fFiKB. 24-25) The same pair is measured in these figures but from opposite directions. It is seen 
that the waveshape is not the same, again, because the irregularity is not the same in each d^ectloj 
of transmission. However, the critical values are close enough bo that they can be considered to be within 
of variation. In Fig. 24 the CF3RL is 30-3 4b, whereas in Fig. 2 5 it is 31.0 db. However, 
whereas in Fig. 24 the CFSRL is at about 2660 cps, in Fig. 25 it is at 310 0 cpc and this is also considered 
normal. The CFSRL values meet the objectives when measured from each office. 

11 06 (Fig, 26) The SRL is very high up to about 2600 cps but this pattern is not maintained for frequenc; 

higher than this. This is despite the good load spacing, the uniform gauge and the uniform oize of 

the cable. This can be explained by tbe 0.088 microfarad per mile mutual capacitance for this pair ^or the 
entire route which is higher than the desired value of .083, However, because the D -66 loading has a wld® 
band, this affect does not begin to show until frequencies of 3000 cps or higher. /S^RL^ a 29 5 

are obtained in this band despite the high capacitance of the cable pair. The 3000 cycle band CTSRL la 29.5 
db and this is considered quite good. 

11.07 (Figs. 27-28) In Figs. 27 and 28 it is shown what' can be expected as the worst values of CFSRL with 
D-66 loading when the pair capacitance is higher than the desired .083 microfarads per mile, but 18^ 

uniformly high at this value for the entire route and when the load spacing is also good. It can be seen thi 
the respective CFSRL values are 26.8 and 27-3 db and these are about the worst values which ab ™** b ® 

The ESKL values are 36. 0 and 38. 0 db and these values should be considered typical for D-66 loading under th 

conditions indicated. 

11.08 (Figs. 29-30)’ These are illustrative of what can be expected with mixed gauges. The CFSRL values 

are much lower than the values in the previous figures for uniform gauge. For example, the respec- 

tive CFSRL values are 25.5 and 25.6 db. The critical frequency is now at the low end of the band at 300 
cps.- Because the precision balancing net is set for one particular gauge only It is f oaa ^® 1*° 

the many gauges in the outside plant. What therefore results if) a compromise value of SRL. The higher fre- 
quency SRL, starting at frequencies higher than 2000 cps, is not affected by the mixture of gauges. Mining 
the different gauges affectB frequencies lower than 1000 cycles and especially around 300 cps. the reason 
that the high frequency SRL is not as good 1 b because of the different values of capacitance in the loading 
sections. For the pairs shown some sections measured were found to have a mutual capacitance lower than tlie 
desired value of .083 microfarads per mile while others had higher capacitance than this. Thus, the mutual 
capacitance value is not uniform throughout the cable route. For this reason the high frequency CFSRL for 
these pairs is not nearly as good as for the pairs in the previous figures, there the capacitance was highei 
than .083 microfarads per mile but this value was uniformly the same for the entire cable route. 

11.09 (Fig. 31) This H-08 loaded pair is typical of what can be expected in an H-88 loaded system vhlch 
has (a) clo B e to ideal end-sections (b) reference Bpacing deviation better thau -5 P«r°«ut (c) unlfo 

gauge (d) RMS cable capacitance deviation of 1.7 percent and (e) random splicing. The CFSRL io 22.5 db at 
1600 cps in a 3000 cps band. It ohould be noted that the SRL of the cable beoomes extremely poor at frequetv 
ciea higher than 3000 cps but tills is typical of H-08 loading. 

11.10 (Fig. 32) This figure is representative of H-88 loading having (a) mixed gauges and (b) one long 
full section (6229 feet). The CFSRL value io 18,3 db. This is 7-3 db worse than the example in 

Fig, 29 which aloo has mixed gauges and also large variation in capacitance but which is D-bb loaded. 

11.11 (Fig. 33) In this layout the loading points have been spaced with extreme Precision so that the lod 

Bpacing deviation is close to zero and the gauge is uniform. Therefore, the SRL ^ 

representative of what should be expected of an "ideally spaced" H-88 loaded . system . The CFSRL is 25.6 ab 
at 2990 cps In a 3000 cycle band which is exceptionally good. It should be noted that the SRL drops rapidly 
at frequencies higher than 3000 cps and this is to be expected because this is a basic characteristic of thi( 
loading system. 

11.12 (Fig. 34) This layout is representative of what can be expected in a D-66/H-88 loaded ays tom joined 
with the D-66/H-88 junction impedance compensator. The CFSRL is 23. 0 db. This is not as high aa the 

L-66 examples shown in the previous figures . The reason for this lover value is because it oonneota with the 
H-88 Insdir-o nv«i-.«m An* Mir* H-ftA becomes the controlling factor. For ouch compensated layouts the 23 db cm 

Ip. 

ire shown in this figure raeaoured with the Siemens- lake level 
*a 11-88 loaded cables. The curves are read as foil* ■ : At any 
.cal axis are read. To .this the received level value is added 
rth layout the SFSRL value at 2000 cps lej 


Vertical Axis 
Receive 
Algebraic Sum 


- 5 db 

-20 db 
-25 dt 


Therefore the SRL at this frequency ie 25 db, 
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figure 3 

Configuration for 19, 22, and 2h Gauge D-66 
Precis ion networks For Exchange Celle a 
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Configuration for 19, 22, and 2H Gauge 
D -66 Artificial Loaded Lines 
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A. HYBRIDS AS USED ON "V" TYPE REPEATER 2-WIRE OPERATION 



B, HYBRIDS AS USED ON 4-WIRE REPEATER OPERATION 
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C. HYBRIDS AS USED ON TYPICAL CARRIER SYSTEM 


CARRIER 

ENTERTOLI 

TRJNK 


nn 

- 

— i-j — 

H 

p 

LOADED TRUNK 


L_J 


~rr 

H 

2-WIRE loaded cable 1 



I TOLL CENTER | 

D. 4-wihe terminating set as used at toll center to 
toll CONNECTING TRUNK 


LOCAL 

OFFICE 


CONNECT INTERTOLL TO 


5, TYPICAL APPLICATIONS WHERE HYBRIDS ARE USED 



















B. TWO-COIL HYBRID 






k. Conventional D.C. Wheatstone Bridge Circuit 



B. Simplified Coil Type Hybrid 
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C. Coil Hybrid of (B) above redrawn on a Wheatstone Bridge Basis 


THE HYBRID AS AN ANALOGY TO THE WHEATSTONE BRIDGE 

FIGURE T 




BASIC DIAGRAM FOR THE SRL MEAS1 
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WIRING DIAGRAM OF WO W.E. CO. 120P REPEATING COILS USED TO FORM A HYBRID 
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SUGGESTED PHYSICAL LAYOUT OF HYBRID FACEPLATE 


WIRING DIAGRAMS FOR THE CONSTRUCTION OF TEST COIL HYBRIDS 










-! ir« vO 




O 

Q 

























FIGURE It. SINGLE FREQUENCY STRUCTURAL RETURN LOSS MEASURIMiET Or H-8o LOADED CABLES WITH MIXED 22 and 19 GAUGES 
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FIGURE 16. ECHO STRUCTURAL RETURN LOSS (ESRL) MEASUREMENT OF 3-66 LOADED CABLES WITH MIXED 19, 22 and 2h GAUGES 
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SFSRL USING THE SIEMENS 



35 














































